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Environmental impacts of the use of 
poultry manure on water quality 
Abstract: The significant expansion of the U.S. poultry industry has led to questions about the effects of large amounts of poultry manure on the surface 
and groundwater. These are the final year’s results of a field study on how poultry manure application can affect water supplies. 
Question & Answer 
Q: How much does use of poultry manure as a fertilizer 
affect water quality and crop yields? 
A: Application of poultry manure at rates exceeding 
the nutrient uptake needs of crops is likely to result 
in leaching of N and P to surface and groundwater 
systems and could increase the pollution potential of 
water bodies. 
Background 
Note: Funds for a fourth year of work to complete this 
project were provided by the Leopold Center and the 
Iowa Egg Council. A summary of the work done earlier 
appears in the Center’s 2002 Center Progress Report. 
Rapid and concentrated growth in U.S. poultry produc-
tion has increased concern about nonpoint source 
pollution. (Iowa ranked number one in U.S. layer produc-
tion in 2001.) Very often local agricultural lands become 
disposal sites for large quantities of poultry litter. Water 
quality parameters of the greatest concern are nitrate-
nitrogen (NO3-N), phosphate-phosphorus (PO4-P), and 
pathogen bacteria, each of which are present in poultry 
manure. 
Approach and methods 
Field experiments were conducted using six field 
lysimeters and 11 plots located at the Agronomy and 
Agricultural Engineering Research Center near Ames. 
Poultry manure was applied to plots and lysimeters at N 
application rates of 168 and 336 kg-N/ha to corn under 
corn-soybean rotation. For comparison purposes, UAN 
fertilizer was applied to two plots for an N application rate 
of 168 kg-N/ha. Data on NO3-N, PO4-P, and bacteria 
concentrations were collected for water samples from 
drains and H-flumes in 1998, 1999, 2001, and 2002 to 
observe the effects of poultry manure application on water 
quality. 
Results and discussion 
The results of the study show that the use of poultry 
manure in field plots resulted in significantly higher corn 
yields in comparison with UAN applications. The N applica-
tion rate of 336 kg-N/ha from poultry manure resulted in the 
highest NO3-N, PO4-P, and bacteria (fecal coliform, fecal 
streptococcus, and E. coli) concentrations in surface and 
subsurface drain water in comparison with the N applica-
tion rates of 168 kg-N/ha either from UAN or poultry 
manure. This suggests that excessive use of poultry 
manure as a fertilizer may increase the potential for 
pollution of water bodies from NO3-N, PO4-P, Escherichia 
coli, fecal coliform, and fecal streptococcus bacteria. 
Another major finding is that poultry manure applications at 
a lower N rate of 168 kg-N/ha resulted in the lowest NO3-
N, PO4-P, and bacteria concentrations in subsurface drain 
water and the highest average corn yields from field plots. 
This suggests that if poultry manure is applied at reason-
able rates, higher crop yields and better water quality 
benefits can be achieved. 
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Conclusions 
1. The application rate of 168 kg-N/ha from poultry 
manure resulted in significantly lower NO3-N loss to 
subsurface drain water in comparison with NO3-N losses 
from the other two N treatments (poultry manure applica-
tion to give N rate of 336 kg-N/ha and N fertilizer applica-
tion rate of 168 kg-N/ha). The N application rate of 336 kg-
N/ha (twice the recommended N application rate) from 
poultry manure created the highest NO3-N and PO -P4
concentrations in subsurface drain water in comparison 
with the N application rates of 168 kg-N/ha from either 
UAN fertilizer or poultry manure. 
2. The N application rate of 336 kg-N/ha from poultry 
manure resulted in a higher concentration of PO4-P in 
surface runoff in comparison with the lower N application 
rates of 168 kg-N/ha from poultry manure. Higher concen-
trations of PO -P were observed in surface runoff when 4
compared with PO4-P concentration in subsurface drain 
water under all N treatments. 
3. The N application rate of 336 kg-N/ha from poultry 
manure resulted in higher concentrations of fecal strepto-
coccus, Escherichia coli, and fecal coliform bacteria in 
surface runoff and subsurface drain water in comparison 
with the N application rate of 168 kg-N/ha from poultry 
manure or commercial fertilizer. 
4. Application of poultry manure to lysimeter plots 
resulted in higher concentrations of bacteria in subsurface 
drainage water in comparison with the similar treatments in 
field plots. 
5. Surface runoff from field plots treated with poultry 
manure resulted in significantly higher concentrations of 
streptococcus and E. coli in comparison with the similar 
bacteria concentrations in subsurface drain water from 
plots under similar treatments. 
6. The use of poultry manure in field plots resulted in 
significantly higher corn and soybean yields when com-
pared with commercial N fertilizer treatment. Also, applica-
tion of poultry manure to lysimeters at a rate of 336 kg-N/ 
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ha generated significantly higher yields in comparison 
with the N application rates of 168 kg-N/ha from UAN 
fertilizer. Application of poultry manure did not result in 
any significant effect on the quality of corn and soybean 
grains in terms of protein, oil, and starch contents. 
Impact of results 
This project showed that use of poultry manure in field 
plots resulted in significantly higher corn and soybean 
yields when compared with commercial N fertilizer. 
Results suggest that if poultry manure is applied at 
reasonable rates, higher crop yield and better water 
quality benefits could be achieved. This study also 
confirmed that excessive application of poultry manure 
may increase the pollution potential for water resources 
from NO -N, PO4-P, Escherichia coli, fecal coliform, and 3 
fecal streptococcus bacteria, all of which are present in 
poultry manure. 
The data obtained from this study will help develop best 
management practices guiding poultry manure use by 
Iowa producers. Further research might expand to the 
collection of water quality data on a watershed scale. 
Education and outreach 
In 1999 and 2000, results were presented at the ISU 
Agronomy Field Days attended by 600 to 700 people. 
Among them were farmers, crop consultants, seed and 
chemical companies, and state and federal agencies. 
Field tours were conducted for students taking ISU 
classes in water resources and water quality in 1998, 
1999, 2000, 2001, and 2002. Several visiting professors/ 
scientists from other countries (Georgia, Romania, India, 
Austria, Botswana, Australia, and China) visited the 
research site, along with deans and directors from North 
Central states universities. Two delegations from the 
World Bank toured the site. 
Investigators presented information on the study at 
several annual meetings of the Iowa Egg Council, 
American Society of Agricultural Engineers, and interna-
tional conferences. 
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